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The status of {ree amino groups in cobrotoxin was studied by stepwise modification
with trinitrobenzens sulfonate, Ly3-27 was nelectively modified without altering
the activity of cobrotoxin, However, complete loss of the activity was observed
when Lys-27 and Lys-47 were trinitrophenylated, suggesting that theé€ -amino group
of Lys-47 is essential for the activity of cobrotoxin.,” Thed -amino group of N-
terminal leucine had not any correlation with activity was demonstrated by guanidi-

nation of the lysine resijues with O-methylisourea fcllowed by trinitrophenylation
of thed -amino group.

The carboxyl groups in cobrotoxin were modified with glycine methyl ester after
activation with water-soluble carbodiimide., Six ocut of seven free carboxyls reacted
in the absence of guanidine-HCl without altering the biological activity. When the
remaining carboxyl was modified in the presence of 5 M guanidine~HC1, theé resulting
toxin was devoid of activity, This "buried" carboxyl is essential for activity and
was identified as the ¥ -carboxyl group of Glu~-21. (Author)
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STRUCTURE-ACTIVITY RELATIONGHIPS AND [MMUNOCHEMICLL
STUDIES ON COBROTOXIN

Studien on The Statug of Froe Amino asd Cerboxyl Croups in

Cabro tﬁ"'f n

The gtatus of frea amino groups in cobretoxin was studied by
stepwigo modification with trinitrobenzens sulfonate. Lyo-27 was
selectivoly modified without altering the sctivity of cobrotoxin.
Howover, complete logss ol the activity was ebserved when Lys-27
and Lys-47 were trinitrophonylated, suggestiag that the f-amine
group of Lvo-47 is assontial for the activity ol cebrotoxin.

“he s-amino group of Neterminal leucine hed not any cerrelation
with actlvity vas desonestrated by guanidinstios of the lysine
residusc with O-methylisoursa followed by trimitrophenyiation of
the %~anmine qaroip.

Tize carvoxyl groups in cobrotoxin were sodified with glycine
mathyl ostor after activation with water-soluble carbodiinide.
8i: out of moven free carboxyls reacted in the absence »f guani-
dine~-HCI without altering the biologicsal sctivity. VWhen the
remaining carboxyl wvas wodifled in the presesce of 5 M guanidine-
HC1, the resulting toxin was deveid of activity. This “buried"
carboxyl is essential for activity and wvas identified as the
J-carboxyl group ef Glu-31.
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ABSTRACT .

Cobrotoxin

The two-dimsnsional structure of cebdretoxin has recently baen
establighed and permits a atudy of structure-activity relation-
shipc.. Preceding studies on the chemical wmedification of the
single tryptophan and two tyrosyl residues in cebrotoxin suggested

that either the intact tryptophan residus or the Tyr-325 is easential
for full activity of the texin.

Cobrotoxin is a basic protein having feur free emine groups,
ene on N-terminal leucine and three en lysine residues at posgi-
tions 26, 27 and A47. The atatus of free amino groups in codroe-
toxin vas studied by stepwise modification with trinitrobensene
sul fonate. Lys~-27 was salectively medified without altering the
activity of cobrotoxin, However, complete loss of the activity
was observed when Lys-27 and Lys-47 were trinitrophenylated,
suggesting that the f-amino group of Lys-47 ig essantial for
activity ef cobrotoxin. The «=anino group of N-terminal leucine
had not any correlation with activity was demonstrated by gaani-
dination of the lysine residucs with O-methylisourca followed by
trinitrophenylation of the q~amino group.

Cobrotoxin contains seven free carboxyls, four on giutamyl
and two on aspartyl residues, and one on C-teraminal asparagine.
The carboxyl groups in cobrotoxin ware mcdified with glycine
methyl estor after activation with water-solubla carbodiimide.
8ix out of seven freo carboxyla roacted in the abscnce of guani-
dine~-HC1l without altering the biological activity. When the
remaining carboxyl was modified in the preconce of 5 M guanidine-
HC1, the resulting toxin was devoid of activity. This "buried"
carboxy!l is cssantial for activity and was identified as the
carboxyl group of Glu-21,
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- —~o, b % HaliCO4 (pH 9.8); &—=-8; 0.1 M borate buffer
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trophonylated cobrotexin; 6-COOH €, zix carboxy-
modified cobrotexing 7-CO0H C, sevon carSoxy-modified
cobrotoxin.
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Fig. 8. Quantitative procipitin reactioms of cebrotoxin,
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used in sach cano of the analypsis. =g, Cobrotoxing
fmwmned . Guanidinated cobrotoxing Aree—g, TNP.guanie
dinated cobrotoxian.

Fig: 9» Immunodiffusion in agar gel. Contral woll:

Anti-cobrotoxin sera. Surrounding wells: {1} Cobro-

toxin; (2) Six-carboxy-modified cobrotoxin; {3} Sevon~
carboxy-modified cobrotoxin; (4) 0.15 M HaCl.

3=30 Fig. 10. Quantitative precipitin reactiouns of cobrotoxina

and the carboxy-modified cobrotoxin with anti-cobrotoxin
sera. ©O.4 mnl of the antisera were used in cach case of
the analysis. o—e¢, 6 Cobrotoxing 4, Six carboxy-
modified codrotoxin; 4~—==4, Soven casbozy-madifiod
cobrotoxin.
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Studies on The Status of Frece Amino and Carboxyl Groups in
Cobrotoxin

I, Introdnction

The two-dimensional structure of cobrotexin has recently boen
established by Yang gt al. (1,2) and permits a study of structure~
activity relationships. Procudiiy studies (3,4) on tho cheaical
modification of the single tryptephan and two tyresyl residues in
cobretoxin suggested that either the intact tryptophan resicue or
the Tyr-25 is essential for full activity of the toxin.

Cobrotoxin ia a basic pretein having four free aminc groups,
one on N-terminal leucine and three on lysine residues at positions
26, 27 and 47. In this communication, the status of free amino
groups in cobrotoxin was studiod by trinitrephenylation with trini-
trobensene sulfonate (INBS). The reaction was raoported as
specific for free primary amino groups and can be fallowed spec~
trophotometrically (5-7). Cobrotoxin was alse guanidinated with
O-methylisourea followed by trinitrophonylation to elucidate the
correlation of ¥~amino group with the biological activity of the
toxino .

Cobrotoxin contains seven fiee carboxrl groups, four en
glutamyl and two on aspartyl ceciduos, aid one on C-tarminal
asparagine. In order to exzamine thc importaice of thoe fioce
carboxyls for toxicity, the carboxyl groups wore modifiod by the
wvater-soluble carbodiimide-nucleophile procedure devcleped by
Koshland Jr. et al. (8,9)

From the results of this investigation, the amino and
carboxyl groups which are esgsential for thae biolegical functiona
ef cebrotoxin have been-differentiated, and the positions of thaso
groups in the sequence of amino acid have also been established.

I1. Materials aud Methods

Cobrotoxin was prepared from Taiwan cobra (Naja nsja atrs)
venom 23 previously described (10). TNBS was proparcd from a
commercial product of the sodium salt (Tokyo Kasei Co.) as
followst the preparation was dissolved in 3 N HCl to make 5 %
solution and the intensely orange-colored salution was decolorized
by passing through a column of Norit-Celite {1 : 1, by wt.).

By concentrating the filtrate in vacuo, TNBS was obtained as almost
colorlems crystal. €-TNP-lysine was synthesized essentially
according to the method of Okuyama and Satake (5), except that
instead of picryl chloride TNBS was used. The product gave a
single yellow apot (nt-o.ko) on descending paper chromatogrom in




iso-amyl alcohol 1 n-butanol ! ethanol ¢ (0.1 ¥ phthalate buffer,
pH 6.0 (30 ¢+ 30 1 11 1t 45, by vol.) and gave a pesitive ninhydrin
test. 1-Ethyl-3j-dimethylaminopropyl carbodiimide~HC] (EDC-HC1)
was contributed 1. the laboratory of Dr. Keshland, University of
Caiifornia. The Ceglycine mathyl sster-HClL was prepared from
glycine-3-14C (New England Nuclear) by esterificatisn in HCl-
saturated methanol and diluted with uniabeled glycine methyl
sster-HCL., O-methylisourea-HCl was purchased from Nutritional
Biochemicals Corp. Trypsin and chymotrypsin were the products of
Worthington Biechemical Corp. Reagent grade glycine methrl
sater~HCl, urea, guanidine-HCl and iedoacetic acid were purchased
from Nakarai Chemicals, Ltd. All other reagents were of snaly-
tical grade. Urea and iodoacetic acid were crystalliized bafore
use.

1. Irinitrophenyiation of cobretoxin with INBS

Trinitrophenylation of frec amino groups was performed
sssentially according to the method of Habeeb {11). Cobrotoxina
solution (2 mg/ml of & % NaHCO,, pH 8.5) in a series of tubes wers
mixed with 0.5 ml of 0.3 % TNBS and the reaction was allowed to
proceed at 37%. After varying intervals of time, the reaction

-was stopped by the addition of 0.5 ml of 0.4 ¥ HC1. The absor-

bance at 345 mu was measured after dilution with 0.1 N HCI and
the number of amino groups trinitrophenylated was calculsted
according to the method of Habeeb (11).

2. Stopwise modification of aminc group with TNBS

In order to differentiate the "essential" samine groups) fer
biological activity, cobrotoxin was rescted with 1.1 and 2.2-fold
gmolar excess of TNBS, respectivaly. The reaction was carried out
in 0.1 M borate buffer {pH B.6) for 1 h and the product was
chromatographyed on a column of DEAE-celluloss by stepwise slutisn.
The main protein peak was lyophilized and desalted by passage
through a column of Sephadex G-25. The protein fractions were
then pooled and lyephilizsd,

For determination of tho position of the Yessential®™ amine
group(s) in the sequence of amino acid in cobrotoxin, the TNP-
cobrotoxin was reduced and S-carboxymethylated {RCM-) under the
procedure described by Crestfield et al. (12) followed by tryptic
digestion. The RCM-TNP-cobrotoxin was dissoclved in 0.1 M naﬁﬁcaj
buffer {pH 8.0} to make a 0.5 % solution and trypsin {50 ¢ 1}
was added., Digestion was carried out at 37° for & h and the
digest was lyophilized.

TNP-paptide from the tryptic digest wos separsted by a
combination of high voltage paper electrophoresis at pH 3.6 with
pyridine~acetic acid-water (1 : 10 t 89, by voi.) and descending
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paper chromatogvaphy with n-butancl-acetic acid-water-pyridine

(15 1 3 112 1 10, by vol.) as previously described (4). TNP-
peptide was detected as a yellowecolored spot on the paper and the
isclated peptide was proved tc be electropherstically homeogenous.

3. Guanidingtion of cobrotoxin with O-methyligoureg

The guanidination of proteins by means of O-methyliscurea
generally leads to selective modification of the t-amine groups
in lysine residues, while the reaction does net affect the X-amine
group (13). In order to elucidate the correlatien of the a-amine
group of N-terminal leucine to the bioclogical activity, cubrotexin
was first guanidinated with O-methylisouresa follewed by trinitro-
phenylation with TNBS, = Guanidination was performed essentially
according to the method of Chervenka and Wilcox (13). Cobrotoxin
(3 p moles) in 2 ml of 0.5 M O-methylisourea-HCl solution was
adjusted to pH 10.8 with 6 N NaOH and the reaction was proceeded
at 49 for 72 h. The mixture was then passsd through a column of
Sephadex G-25, and the protein fractions were pooled and lyophi-
lized.

L. Modification of carboxvl groups

The modification of carboxyl groups in cobrotoxin wac
performed essentially according to the method of Hoare and
Koshland (8).

a. Mogification with EDC-HC1 and glvcine
methyl ester (partially carboxy (6-COOH)-modif{ad cobrotoxin):
Cobrotoxin (60 mg) was dissolved in 3 ml of 1.0 M glycine methyl
ester-HCl, The pH was adjusted to 4.75 and imaediately the
reaction initiated by the addition of solid EDC-HCl to a concen-
tration of 0.3 M. The pH was maintained at 4L.75 by the addition
of 1 N HCl and the reaction was allowed to proceed at room
temperature for 3 h. Excess reagents were then removed by
passage through a column of Sephadex G-25, equilibrated with 1 %
acetic acid, and the protein fraction was lyophilized. As a
result of this experiment, six out of seven free carboxyl groups
in cobrotoxin were modified in the absonce of guanidine-HCl.

The resulting 6-COOH-modified toxin showed a single band on disc

electrophoresis and the results of amino acid analysis are shown
in Taudble III,

b. Modification with EDC-HCl and glycine
methyl ester in the presence of M guanidine-HCl (completel
carboxy (7-COOH)-modified cobrotoxingz Cobratozin (10 mg/ml) and
3lycine methyl ester-HCL (1.0 M) were disselved in 5 M guanidine-
HCl and the solution adjusted to pH 4.75 and reacted with solid
EDC-HC1 as described above. T+e modified toxin was hemogeneous
by the criteria of disc electrophoresis and the amino acid
compopition shown in Table III. .




c. Mocification of 6-COOH-magified cabrotorin
with EDC-HIC] and 1he. si aine getavl ester-iiCl ip tha _Brosonce of
; M guanidine- Z5iCLt G-CuQlmncdificd cobrotogin {*3 swfz ﬂif “sd

C-glycine mothyl ester-iiCl (1.0 M) werv disselved fu § K guanie
dine~-HCl. The subgsogquent procedures wore orferusd as described
abovo,

§. Deotornination nf tha nosition of the "casontial®
c.yboxv. groupn in tho sernoucs of aminag acid in
‘ cobratoin

‘ Qc-labglsd cabrotoxin {30 ug) was redwad and S-carboxy-
wethylated under the procedure descried hy Crostfield ct ol. f12)
feiiaxes by %ryytic digontion ag dcscrilbed abore. For icolation
of “ C-?-gostiae s thae digest was [ractiounatod ur Ligh voltage
p:per alectrbphiorusis at pii 3.6 in nyridine-ecetic neid-untaer
(11 10 1+ £9, by vol.) un a atrip of Toyo Rochi Ko. 50 at 35 v/cm
for 90 win. | The paper waa then cut into 2-cm strips oud the
radloactivity was mcasured with a Aloka model PSC-4 gss fiow
counter, The radioactive froction wes eluted with 1 % acetic
acia snd further purified by descending paper chromatography with
a'-tn.tmc}.nvridma-rcei;c ecid-vater (15 3 10 2 3 1 12, by vol.).
The "3"C. T-p_gptme“ clutad weos hydrolyzed with & N HCL at 105° fer
2% h and subfected to amino acid analysias. The amine acid
comnosition }E:am:ed thnt the peptide was dorived frow residucs
ieu(1) - Lyn{28) of cobrotoxin.

The ‘*ﬁﬁﬁj-?‘;pqptiﬁe“ (Ca. 3 ug) ebtained from tryptic digost
vas dissolved in 0.25 ml of 0.2 M NH HCO, buffer (pH 8.1) and
0.05 ul of 1 % chymotrypsin polution in tho same buffer waa added.
The mixture was kept at 37° for 16 h ;g& the hydrelysate was
woried up asfdeacribed above. The " IC-C-peptido™ was subjccted
to Liuan 6s§#adatxeﬁ and pomine acid snalysis.

Auino ncid analysis was performed accerding to the procedurs
of Spacknan gt al. (14) with a Hitachi model KLA-3B automatic
anino gcid a niyzer. ~ Spoples were hydroiyzed with & N HC1 at
1059 far 24 1 The sequence of amino acid residues in the
fnolated ;;epai{.en was determined primarily by the Edman PTH
procedure as previocusly describved (1). PTH-amino acids were
fdentificd by thin layer chromatography.

Polyascrylanide gel electrophoreris, ucazurcmonts of lethal
toxicity and Hwmasunological proceduresn nariorssd vere cssentially
the gcue as previously described (4).
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I1I. Results
1. Ab NP r

‘As chown in Fig. 1, the absorption spectrum of fully trimitre-
phenylated cebrotoxin which shewed a maximus near 343 and a
flat at ©10-420 wp vas practically the same ap these of THP-amine
acids and TNP-peptides reperted by Okuysse and Satake (S} and
Satake ot al. (6) The molar extinction ceefficient (1) of TNP- s
cobrotoxin at 345 mu was found te be .76 = 105. ts 0oy 1.19 x 10
per mole of amino greup. This value is very close to these ef
TNP-f-lysine and TNP-g-aminc greup ef amine acid and peptides
(5,6). - The result indicates that four equivalentsc of TNP-greup
were introduced into the cobrotoxin seleculs.

2. Trinitropheaylation of cobratoxin

As schown in Fig. 2, the reaction velocity of trinitrophenyle
ation of cobrotoxin was markedly influenced by piH of the reactien
mixturse. The reactien proceeds wmore rapidly in an alkaline
solution and complates rapidly. However, at neer neutral pil the
reaction proceeds very slowly.

The relation between the extent of modification and the
lethal toxicity of cobrotoxzin is shown in Fig. 3. It can be
seen that the lethality decreased rapidly as trinitrophenylation
proceeds.  The lethality lost almost cemplestely vhon twe or mere
amino groups were modified.

3. Status of aminc greups in cobratexin

In order to differeniiate the “essential" amino group(s) fer
activity of cobrotoxin, the toxin was initially allewed te react
with 1.1-fold molar excess of TNBS, gnd the preduct was purified
by DEAE-cellulose chromatography with stepwise elution. An
electrophoretogram of the tryptic digest of RCH-TNP-cebretexin
revealed only one yellow-colored spot. The spot which represents
the TNP-NH: containing peptide was eluted, purified by descending
paper chromatography and hydrolysed fer amino acid analysis and
paper cliromatography. Altheugh only one amine acid, arginine,
was detected in emino acid analysis, a yellew-colered spot
corresponding to a synthetic €-TKP-lysine and anether Sakaguchi
test positive spot were detected by descending paper chromatography
in the solvent system iso-amyl alcehel-n-butanel-ethansl-0.1 M
phthalate burfer, pil 6.2 (30 ¢ 30 ¢t 11 t 45, by vol.). The
result indicates that the peptide represents the sequence eof €~
TNP-Lys-Arg located at positions 27 and 28 of cobretoxin since
these two amino acids de not occur together elsewvhere in the
molecule (Fig. 4A). This finding suggostes that Lys-27 in
cobrotoxin is most accessible to trinitrophenylation with TNBS,
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Cobrotoxin was further allowed to resct with 2.2-fold oolar
sxcess of TNES and the product was purified as described above.
An eslectrophoretogram of the tryptic digest of RCM-TXP-cobrotoxin
revealed two Yellow-colored spots which reprezent the ﬂf?-mfz
containing peptides were eluted, purified by descending psper
chromatography and hydrolyzed for amine scid analysis and paper
chrosatography. ©One of the two peptides gave the sase result as
above which represents ths peguonce of ¢~-TNP-Lys-Arg snd the other
peptide gave the following amino compegition: Lrge C&Cr:; 8
Aspgy ¢y Thry g, Serg 3, Glug,g, Proy gy Glyy 1, ?ai; .0 fleg q.
The smino aci 5 composition showsd that the peptide was derircd from
residues Gly(40) - Arg(59) of cobrotoxin (Fig. 4A), indicating
that both f~amino groups of Lys-27 and Lys-4&7 were triuitrcﬁuyi-
ated under the experimental conditions.

4. Characte tion of L THF - to

A shown in VPig. %, both THP.cobrotoxins were revealed as a
single band on polyscryliamide gel electrophorstogran. Lys-27
THDP-cobrotoxia migrated more slowly tovard cathod than cobretexin,
and Lys-27 & &7 TNP-cobrotoxin migrated tovaerd the opposite side.
No unreacted cobrotoxin was found in sither TMP.derivatives,
indicating that both pnparations are titctrephtrtti&tlif homo-
gonous.

Ag presented in Table I, complete loss of lethality wvas
observqd when both t-amino groups of Lys-17 and Lys-47 were’
trinitrophenylated. However, the lethality of Lys-27 TNP.cebro-
toxin resmained unchanged, suggesting that the €-amino group of
Lys-27 which is moat accessible to trinitropheanylation is not
espentiasl for lethal toxicity of thoe toxzin.

As illustrated in Fig. 6, the Lys-27 TNP-cobrotoxin gave a
precipitin line of identity with cobrotoxin, while Lys-27 & &7
TNP-cobrotoxin gave none at all on ismcnodi{ffunion in sger gel
with anti-cobrotoxin sers.

As sbown in Pig. 7, Lys-27 TNP-cohrotoxin gave almost the
sams maxical precipitation as cobrotoxin by guantitative precipitina
reactionn, while Lys-27 & &7 THD-cobrotsxin cave slmost no preci-
pitate. Thia incdicates that the f-anino group of Lys-47 is
esssntial for the biolegical activitr of cebrotexin.

5. Modifieation of d-nning proup

The rosult ef guanidination of cobrotexin with O-methylisoures
showed that essentfally all three lyazine residues wore converted
to homoarginine (Table II)., Tho «-amine group of the terminal
leucine did not react. The guanidinated cobrotoxin which
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retained only ono free of-~amino group wasz furihcr trinitrophenylated
with TH3S, The lethal texicity of the guanidinated cobretexin

and of the TNP-guanidinated dorivative remsined unchenged (Table II),
suggesting that tha &-anino group of tcrminal leucine had no
correlation with the lethal toxicity of the toxin.

The antigenic activily of thasz prermraiisas wrs algo studied
with anti-cotrotoxin zeia. Either guanidinalszd eodrotozin or INP-
guanidinated tcxin showed glmost the same proecipitin line as that
of cobrotoxin on immunodiffusion in agar gal (Fig. 6) and preci=-
pitates by quantitative piccipitin reacticna (Fig. 8). The
results indicate tihat tho t{~anino croup of cedrotoxin {as not
involvod in the biological activity of the toxin.

6. Characterization of car ~modi fied cobro

The number of modified carboxyl group is determined by
analysias for incorporated glycine. The rasults of amino acid
analysis of modified derivatives (Teble III) showed that six of
the seven carboxyl groups were modified, while the remaining
carboxyl group reacted in the prasence of 5 M guanidine-HCl,

This indicats that one of the seven carboxyl groups in cobrotexin
is buried in the molecule, thus becoming unreactive in the absence
of guanidine-HCl, No other amino acid residues in cobrotoxin
were modified.

Since much deduction of the negative charge of carboxyl
groupas after modification, both modified toxins migrated further
toward cathod than did cobrotoxin (Fig. 5) and revealed electro-
phoretically as a single band. Ng unreacted cobdrotoxin was
found in either modified preparationa, indicating that complete
modification had occurred under the experimental conditiong.

7. Biological activity of carboxy-modified cobretexim

The effect of chemical modification of carboxyl groups on
lethal toxicity of cobrotoxin is given in Table IV. Tha toxin
with siz modified carboxyls chowed little effoct oa tac lethality,
while modification of all seven cardoxyls led to ccmplote loss ef
lethality, suggesting that one cerboexyl group which iz not
accegoible to modification in tha abrencs of cuniicdine-Hs1 is
essential for tha toxicity of colrotoxin,

As illustrated in Mig. 9, tihe si: cardoxy-madificd cobrotoxin
gave a precipitin linc of {dentity wit: cobrotoxin, wiile the
completely carboxy-modified preparati ~ve none &t all as
testad on immunsdiffucion in agar gel : anti-cobrotoxin sera.

A sliglit decercase of antigenic cetivity was observed on six
carboxy-modified cobrotoxin as measured by quentitative precipitin
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reactions (Fig. 10). Hewevsr, the cespletsly carboxy-sedified
preparation gave almost no precipitate.

8, Identificgtion of the "buried®™ carbeoxyl group
essentigl for the biologjcel activity of
cebrotoxin

-

In erder to identify the "buried®™ carbexyl greup which is
essential for the biological activity of cobrotoxim, the "18c.c.
peptide™ isclated by the procedure described in Methods was
subjscted to amino acid analysis and Ednan degradation. The
n1hc.C_peptide” gave the following auino acid compositions
CM-Cyey.8+ Aspy 4y Thry o, Serg 74 Glug g Gly; ¢+ and the Na
tersinal amino acid of the peptide was dtttrzincg by Ldman
degradation s glycine. The remaining peptide, after one cycle
of degradation, was subjected to aminc acid analysis and gave the
felleving compesitiont CM-Cysy g, Aspy g, Thry g, Sery o, Glug g,
Gly;.s. The results indicate that the nlec_Copeptide™ was shown
te bBe the peptids of residuss Gly-16 to Aan-2) Efie‘ 4B},
Referring te these results, it was evident that the carbexyl
group in buried state and essential fer the hiolegical activity
of cobrotexin is the [-carboxyl group of Giu=3i.

1¥, Discussion

There are four free amino gresups in cebrotoxin. ALl four
amino groups could be trinitrophenylated quantitatively by
resction with THBS resulting in cooplete loss of the biological
sctivity. TWES was shown by Habeeb {11) to be a specifi=
reagent for determining spectrophiotometrically the numbsr of free
amino groups in proteins. The procedure provids a vsluabls tool
for studying the effect of modification on the lethality of
cobrotexin, Complete loss of lethality was oboerved when umors
then twe aoino groups were smodified indicating that of the four

amine groups in cobrotexin one or rore might de escential for toxic

action, In order to identify the "essential™ amino group{s)
stepwise modification with TNES was carried ocut. Cobrotoxin was
reacted first with 1.1-fold molar excess of TNBI, €~Aminoe group
of Lys-27 was the most accessidle to trinitrophenylation dut the
biolegical activity unchanged, suggesting that the Lys-27 is not
sasential for the activity of the toxin. However, complete

less of biological activity was observed vhen Lys-327 and Lys-47
weare modified with 2.2~fold rnolar oxceas of TNBS, Thesaes results
indicate that the f-amino group of L;s-ﬁ? {s csnential for the
full activity of the toxin.

The guanidination of cobrotexin rezulted in thet all lysine
residuss were converted to licmoarginine without modificatioen of




the o(~amino group. The reaction revealed no effect on the
biological activity of cobrotoxin.

The above results indicate that the effects of the two
specific reagents on the biochemical and biological properties of
cobrotoxin are different. Trinitrophenylation of cobroetoxin
converts the positively charged amino group into neutral atate
while guanidination ylelds a substituted group that maintains the
positive charge, Therefore, it is concluded that the positive
charges contritbuted by the ¢-amino gruups of lysine residues in
cobrotoxin may play important roles in the structural features
for biochemical functions of the toxia.

The active guanidinated cobrotexin which retsins ths only
free X-amino group might be a valuable tool for determining the
importance of the X-amine group for activity of the toxin.
Trinitrophenylation of the guanidinated cobrotoxin with TNBS did
not alter the biological activity, indicating that the X-amine
group of N-terminal leucine is not essential for the activity of
cobrotoxin. '

There are seven free carboxyl greups in cobrotexin. Among
the reagents introduced for the modification of carbexylic acid
side chains of proteins the activation by carbediimide and
attachment of nucleophiles (8,9) appears to be sufficiently
specific. The number of modified carboxyl group is determined
by analysis for incorporated glycine.

In native cobrotoxin six of the seven carboxyl groups wers
modified, while the remaining one reacted in the presence of 5 M
guanidine-HCl, The six carboxy-modified toxin showed only a
little loss in activity, while modificaticn of all seven carboxyls
led to complete loss of toxicity. In order to identify the
"buried" carbeoxyl group, cobtrotoxin was treated first with nen-
radioactive glycine methyl ester in the absence of guanidine-HCl,
and was then incubated with ’4C-glycina methyl ester and carbodi-
imide in the presence of 5 M guanidine-HC1 (15). The modified
toxin containing ! C-glycine was reduced and S-carboxymethylated.
The alkylated protein was 2égcnted with trypsin to permit chroma-
tographic isolation of a 1%C-labeled peptide, "1“C-T-gogtlde“.

The amino acid analysis revealed tant the peptide was derived froms
residues Leu~1 to Lys-26. The "1*C-T-peptide" contains twe free
carboxyl groups in Glu-2 and Glu-21, Thus, to determine which
free carboxyl group existed in the buried state, the "14C.T.
eptide”" was digested with chymotrypsin and a radiocactive peptide
was separated by a combination of hiigh voltage paper electropheresis
and descending paper chrouatography. The radiocactive peptide
obtained was shown to be the paeptide of residues Gly-16 teo Asn-23.
This was confirmed by detcermination of the N-terminal amine acid
residue by Edman degradation.
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Accerdingly, the "buried™ carboxyl greup in cobretexin is on
Glu-21 in the sequence of Gly-Cys-Ser-Gly-Gly-Giu{21}-Thr-Asn, and
this carboxyl group is essential for the bislagical activity of
cobrotoxin. .

¥. Conclusien

The status of free amine groups in cebdrotexin was studied »y
stepwise modification with trinitrobenzene sulfesate. Lys-27 was
selectively modified without altering the activity of cobretexin.

- Howaver, complets loss of the activity was observed when Lys-27

and Lys-47 were trinitrophenylated, suggesting that the f-amino
group of Lys-47 is essential for the activity ef cobrotorxin.

The d-amino group of N-terminal lesucine had net any corrslation
with sctivity wos demonstrated by guanidinetionm of the Iysine
residues with O-methylisourea followed by trinitrephenyliation of
the d=amino group.

The carboxyl groups in cobrotexin were wodified with glycine
mathyl ester after activation with water-soclubls carbodiimide.
5ix out of seven free carboxyls reacted in t' s« gbsence of guani-
dine-HCl without altering the biological activity. Vhen the
remaining carboxyl was modified in the presence of 5 M guanidine-
HC1l, the resulting toxin was devoid of activity. This "buried"
carboxyl is esmential for activity and was identified as the

[-carboxyl group of Glu-21,
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APPLIDIX A-1

Tabie I

Effect of trinitrophenylation on lethal
toxicity of cobratoxin

Ruuber of Lethality

THP-NHy (%)
Cobrotoxia <] 100
Lys-27 TNP-cobrotoxin® 3 100
Lys-27 & 47 TNP-cobretexin®* 2 + ]

Trinitropnenylation was carried out in 0.1 M borate buffer
(pll 6.8) with 1.1-fold* and 2.2-fold** selar exccas of
INDS, recpectively, at reou temperature (25°) for 1 kL.

The product was purified by chronctography en a coluumn of
DEAi-celivivnno with stepwise clutien.
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APPENDIX A-2

Table IIX

- Modiflication of W~amino group of cobrotoxin

Amino acid rosidues found

Lethality
Leucine Lysine Homoarginine (%)
Cobrotoxin 1- 3 s} 100
Guanidinated
- Cobrotoxin 0.81 o 2.7 100
TNP-guanidinated
Cobrotoxin® 0o o 2.7 100

of TNBs,

* Trinitrophenylation of the guanidinated cobrotoxin was carried
out in 0.1 M borate buffer (pH 8.6) with 10-fold molar excess
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APPENDIX 4-3

Table III

Amino acid composition of cobrotoxin

modificd derivativea

~nd carboxy-

Amino acid

Residues por mola of protein

Modificd darivatives

Aapartic ncid
Throonine
Serine
Glutamic acid
Proline
Glycins
Alanine
Half~cystine
Valine
Mathionine
Iscleucine
Loucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan

Ins ¥

Coabrotoxin in H.0

(pH 427%) a0
g 8.0 8.3
8 8.1 8.2
fi : &sz ‘c&
7 7.2 7.4
2 1.8 "1.9
2z 13.1 13,9
8 79 8.0
4 1.% 1.1
2 2.0* 2.0
1 0.92 Q.9
2 1.9 1.9
3 2.9 2.9
2 1.9 1.9
6 6.0 8.0
k| 1.0 1.0

* All values in wodified derivativeg are expressed as melar
ratios Yased on isoleucinesg.o.

14
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APPENDIX A-&

Tabile LIV

Nedification ef carbexyl gruoups in cebretexin with
glycine methyl ester after activatien by seluble cardediimide

Modified Lethality
carboxyl greups %)
Cebretoxzin o 100
In Hzo (p4 4.79) 6 73
In 5 N Guanidine-HC1 | 7 o
15
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APPENDIX B-1

5.0 TNP.cabrotexin
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Abserptien apectra of cebretexin and mxr trial-
trephanylated cebrotexin. .

Abserptien spectra sf cebretsxin vere msasured in 0,1 M
phesphate buffer (pil 7.0) and THP-cebretexis inm 0.1 B HC),
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"~ APPENDIX B.2
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Pig. 2. Effect of pit on the trimitrophenylation of cebretexia.
Trinitrophenylatien ef ocobrotexin vas carried sut at rees
temperatures (35°) in 1-cm quartz spectrephemeter cell. 1 ug

of cobrotoxin vas dissolved in 3} ml of buffer solutiea and
the reaction wvas initisted by the addition eof 10-fold melar:
excess of TNBS, At u.u. intervels of time,. the optical
density at 345 sp was recorded. O=———e,6 4 % n.uco, (pH 9.8);
4———qt, 0.1 K borate bqtta- (pﬂ 8.6); XK, 0.1 N phesphate
suffer (pli 7-5).
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NUMB3IR OF ma MODIFIZD

APPENDIX B-3

% RESIDUA TOXICITY

& -1100
- 80
% 60
-1 &0
3 .
- 20
x\: LETHALITY
: b R X .4 3.3 - 3
'+ 10 20 30 &0 50 -1+3
TIMR (min)

Fin. 3, Trinitrophenylation of free smine groups and
decroase of lathal toxicity.

2 ng of cobrotoxin was dissolvod in tal o2 4 % m}

(yH 8.3) and 0.5 ml of 0.3 % TNSS in wany added.
Ronction was allowsd to preoceed at « After suitable
favevals of timo, aliquots wers takes for determinstion eof
lothality and tho absorbancy at 348 -.. '
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APPENDIX B.4

Fig. 4. Structure of cobretoxin.

Two-dimensional

schematic diagram shoving the afrnngmnt of the
disulfide

bonds and the sequence of tho asinoc acid residues.
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APPENDIX 3.5

@ ‘ Cobrotexin

Ly7s-27 TNP-C

9 Lys-327 & 47 THP-C

Je

7-COOH Med C
i 1 M H g

l
|
| 6-COOH Med C
¥
!

Fig. s. Polyacrylamide gel electrephorstegram of cobrotozin,
TNP-cobrotoxin and carboxy-modified derfvatives.

Electrophoresis was carried out in veremal buffer (pH 8.6,
J=0.05) at 250 V for 16 h at 4°, Lys-27 TWP-C, Lys-27 trini-
trophenylated cebratoxing Lys-27 & &7 TNP-C, Lys-27 & 47 trini-
trophenylated cobretoxin; 6-COOH C,six carboxy-medi ficd cebrotexing
7-CO0H €, seven carboxy-modified cobretexin,
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AlrPELDLIR B-6

Fig. 6. Immunediffusion in agar gel.
Central well: Anti.cobrotoxin sera.
Surreunding wellst (1) Cobrotexing (2) Lys-27 ™.

cobretoxing (3) Lys-27 & &7 TNP.cobretexing (4) Guami-
dinated cebrotoxia; (5) TNP-guanidinated cebretexin.

&2

M RN S TIPS,



A

APPENDIX B-7
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Pig. 7. Quantitative precipitin reactiems of cedretexis

&0

and its TNP-derivatives with anti-cebretexin sera.

0.5 m} of antisera were used in sach case of the analysis.
g Cobrotoxing #———d, Lys<27 TNP-cobretexin; A==l

Lys-27 & 17 TNP-cebrotoxin.
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APPENDIX B-8

o5t

L] Cobrotoxin
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S / <3
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Pig. 8. Quantitative precipitin reactions of cobroteoxin,
guanidinated cobrotoxin and TNP-guanidinated derivative
‘with anti-cobrotoxin sera. .

0.k ml of antisera were uzed in cach cage of the analysis.
$-———e, Cobrotoxin; &——a, Guanidinated sobrotoxing
4——4, TNP-guanidinated cobrotoxin.
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APPENDIX B-9

Fig. 9. Immunodi ffusion in agar gel.
Central well: Anti-cobrotoxin sera.
Surrounding wells: (1) Cobrotoxin; (2} Six-carboxy-

modified cobrotoxini {3) Seven-carboxyemodified cobre-
toxing {(4) 0.15 M NaCli,
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APPENDIX 8-10
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Fig. 10, Quantitative precipitin roactions ef cobrotoxia
and the carboxy-modifiecd cobrotozin with anti-cobrotoxin
Sera.

0.4 wl of the antisera were used in each case of the
analysis. ~ O=——0  Cobrotoxin; 4 A, Six carboxy-
medified cobrotoxing A—=f, Seven carboxy-modified cobru-
toxin.
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